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CHEMICAL-MECHANICAL POLISHING 
PROCESS 

BACKGROUND OF THE INVENTION 

The present invention relates to a chemical-mechanical 
polishing process, and particularly to a chemical-mechanical 
polishing process for planariZing at least one or more of thin 
?lms formed on a substrate (Wafer). The present invention is 
suitable for forming multilayers of interconnections in a 
process of fabricating semiconductor devices, particularly, 
for planariZing interlayer dielectric ?lms or forming metal 
plugs at high reliability. More speci?cally, the present inven 
tion is suitable for forming multilayers of interconnection 
used for memory elements or logic operation elements 
having highly ?ne and highly integrated structures. 

The interconnection technology is increasingly toWard 
?ner geometries and multilayers of interconnections along 
With high density mounting for devices. The technology for 
forming multilayers of interconnections comes to play a 
larger role in a process of fabricating semiconductor inte 
grated circuits. On the other hand, the multilayers of inter 
connections bring about a neW disadvantage. 

More speci?cally, steps of interlayer dielectric ?lms 
become larger and steeper along With a tendency toWard ?ne 
geometries and multilayers of interconnections, to thereby 
cause degradation both in processing accuracy and in reli 
ability of an interconnection formed on the interlayer dielec 
tric ?lms having such steps. 

At the present time, it is dif?cult to improve step coverage 
of an Al interconnection, and accordingly, the planarity of 
interlayer dielectric ?lms must be improved for ensuring the 
processing accuracy and reliability of the above intercon 
nection. 

The improvement in planarity of interlayer dielectric ?lms 
also becomes important because it compensates for a reduc 
tion in focal depth With the shortened Wavelength of light in 
lithography. In other Words, the improved planarity of 
interlayer dielectric ?lms makes it possible to keep the 
resolution already reaching the critical value. 

Various technologies for forming dielectric ?lms and 
planariZing them have been developed. HoWever, When 
applied to multilayers of interconnections having ?ner 
geometries, they present vital disadvantages in terms of 
shortage of planarity in the case of Wide gaps betWeen 
interconnections and in terms of connection failure betWeen 
interconnections due to spaces generated in interlayer ?lms 
in gaps betWeen interconnections. 

To improve such disadvantages, a chemical-mechanical 
polishing process (CMP) for global planariZation of inter 
layer dielectric ?lms has been recently carried out or eXam 
ined. This process has been originally used for mirror-like 
polishing for a silicon substrate. 

The chemical-mechanical polishing process is eXpected to 
positively planariZe the entire surface of an interlayer dielec 
tric ?lm. In this process, a polishing cloth is placed on a 
polishing plate and the polishing plate is rotated While slurry 
is supplied on the polishing cloth. At the same time, a 
substrate disposed on a carrier is rotated and pressed on the 
polishing cloth, to thus polish a dielectric ?lm formed on the 
surface of the substrate. At this time, KOH or the like is 
added to the slurry for etching the dielectric ?lm in a basic 
atmosphere. 

In the practical use, cleaning is performed after chemical 
mechanical polishing for suf?ciently removing the residual 
slurry and the like, thus completing the planariZation. 
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2 
This process, hoWever, has a disadvantage in processing 

speed, that is, polishing rate. Speci?cally, the polishing is as 
loW as about 100 nm/min. This is inconvenient for the future 
chemical-mechanical process in terms of the increased cost 
due to poor productivity. 

In recent years, one approach using a cerium base slurry, 
that is, a slurry containing particles of cerium oXide has been 
proposed. This is eXpected to obtain a polishing rate being 
3 to 4 times that in the case of using a related art silica base 
slurry. The cerium base slurry, on the other hand, presents a 
problem in poor planarity of the processed surface and in 
poor level of metal impurities, and therefore, it actually fails 
to exhibit the eXpected result. 

OBJECT AND SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
chemical-mechanical process capable of improving a pol 
ishing rate Without degradation in planarity of the processed 
surface and in level of metal impurities. 

To achieve the above object, the present invention pro 
vides a chemical-mechanical process for planariZing at least 
one or more of thin ?lms formed on a substrate, Wherein the 
chemical-mechanical polishing is performed using a slurry 
containing abrasive particles mainly made of sialon. 
The present invention also provides a chemical 

mechanical process for planariZing at least one or more of 
thin ?lms formed on a substrate, Wherein the chemical 
mechanical polishing is performed using a slurry containing 
abrasive particles mainly made of boehmite. 

In the related art process, silica base abrasive particles are 
used. On the other hand, a thin ?lm formed on a substrate is 
generally made of SiO2. Accordingly, the polishing of the 
thin ?lm made of SiO2 using the silica base slurry means that 
SiO2 is polished using SiO2, that is, a material is polished 
using the same material. As a result, it is dif?cult to increase 
the polishing rate When using a silica base slurry for the thin 
?lm made of SiO2 by the physical action. 

In the present invention, chemical-mechanical polishing 
is performed using a slurry containing abrasive particles 
mainly made of sialon or boehmite. Sialon or boehmite is 
higher in hardness than SiO2. Accordingly, the chemical 
mechanical polishing process using the slurry containing 
abrasive particles mainly made of such a material acceler 
ates the polishing not only by the chemical action but also 
by the physical action. 
As a result, the chemical-mechanical polishing process of 

the present invention using the slurry containing abrasive 
particles mainly made of sialon or boehmite increases a 
polishing rate more than that obtained in the related art 
chemical-mechanical process. Furthermore, in reactive ion 
etching, ion bombardment action in addition to chemical 
action of radicals can increase the etching rate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a sectional vieW of an element used in 
Examples 1, 3 of the present invention, in Which interlayer 
dielectric ?lms and an interconnection are formed on a 

substrate; 
FIG. 1B is a schematic sectional vieW of the element 

shoWn in FIG. 1A, shoWing the state after the interlayer 
dielectric ?lm is subjected to chemical-mechanical polishing 
of the present invention using a slurry containing abrasive 
particles mainly made of sialon or boehmite; 

FIG. 2A is a schematic vieW of an element used in 
EXample 2 of the present invention, in Which interlayer 
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dielectric ?lms, an interconnection, and blanket tungsten are 
formed on a substrate; 

FIG. 2B is a schematic sectional vieW of the element 
shoWn in FIG. 2A, shoWing the state after the blanket 
tungsten is subjected to chemical-mechanical polishing 
using a slurry containing abrasive particles mainly made of 
sialon; and 

FIG. 3 is a schematic front vieW of a chemical-mechanical 
polishing apparatus used for carrying out the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Hereinafter, the present invention Will be described in 
detail With reference to the accompanying draWings. FIG. 3 
is a schematic vieW of a chemical-mechanical polishing 
apparatus for carrying out the present invention. Apolishing 
plate 3 called a platen is rotated around a shaft 4. Apolishing 
cloth 9 called a pad is attached on the polishing plate 3, and 
a slurry feed unit 10 is disposed over the polishing cloth 9. 
A slurry 2, Which is stored in the slurry feed unit 10, is fed 
on the polishing cloth 9 through a slurry feed port 1. 
On the other hand, a carrier 6 mounting a substrate 5 is 

rotated around a shaft 7. The substrate 5 is rotated together 
With the carrier 6 and is pressed on the polishing plate 3. The 
rotational speeds of the polishing plate 3 and the carrier 6, 
the pressure of a polishing pressure adjuster 8, and the feed 
amount of the slurry 2 are suitably adjusted. In addition, the 
above description is for illustrative purposes only, and it is 
to be understood that the attachment of the substrate, the 
number and the con?guration of each of the platen and the 
carrier, and the structure of the pad may be changed. 

Examples of the present invention Will be described 
beloW. 

EXAMPLE 1 

In this example, an interlayer dielectric ?lm formed on an 
Al interconnection layer is subjected to chemical 
mechanical polishing using abrasive particles mainly made 
of sialon. As shoWn in FIG. 1A, a ?rst interlayer dielectric 
?lm 102 made of silicon oxide and an Al interconnection 
layer 103 Were formed on a semiconductor substrate 101 
made of silicon, and a second interlayer dielectric ?lm 104 
Was formed thereon. In addition, these Were all formed by 
known processes. 

The second interlayer ?lm 104 Was then subjected to 
chemical-mechanical polishing under the folloWing condi 
tion using a polishing apparatus shoWn in FIG. 3. 

rotational speed of polishing plate: 50 rpm 
rotational speed of carrier: 17 rpm 
polishing pressure: 8 psi 
temperature of polishing pad: 30—40° C. ?oW rate of 

slurry: 225 ml/min 
The above polishing condition is that generally used for 

dielectric ?lms. Here, for the purpose of polishing in a basic 
atmosphere, a suspension in Which a slurry containing 
abrasive particles mainly made of sialon Was suspended in 
a solution of KOH/Water/alcohol, Was used as a polishing 
agent. The abrasive particles of sialon Was formed from a 
gas system containing SiH4, N2, O2, Al(CH3)3 by plasma 
CVD in such a condition that ?ne particles could be formed 
through nuclei groWth in a uniform vapor-phase. 
As a result, the second interlayer dielectric ?lm 104 Was 

planariZed, as shoWn in FIG. 1B. Next, the residual slurry 
and contamination on the surface of the substrate Were 
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4 
removed by a spin cleaner using chemicals of NH4OH— 
H2O2—H2O and dilute hydro?uoric acid in this order, and 
?nally, the surface of the substrate Was rinsed With pure 
Water. The residual slurry and contamination Were thus 
removed in a satisfactory level. In particular, although 
contamination due to aluminum as a component of sialon 
Was a matter of concern, it Was suf?ciently removed by the 
above cleaning. 

In this example, the chemical-mechanical polishing rate 
become tWice that obtained in the case of using the related 
art silica base slurry. The shape of the planariZed ?lm Was 
also excellent. 

EXAMPLE 2 

In this example, a metal ?lm formed on an interlayer 
dielectric ?lm so as to bury openings connected to an Al 
interconnection layer is subjected to chemical-mechanical 
polishing using the abrasive particles mainly made of sialon. 
As shoWn in FIG. 2A, a ?rst interlayer dielectric ?lm 202 
made of silicon oxide and an Al interconnection layer 203 
Were formed on a semiconductor substrate 201 made of 
silicon; a second interlayer dielectric ?lm 204 Was formed 
thereon; and openings 205 Were formed in the second 
interlayer ?lm 204 and buried With a blanket tungsten 206. 
These Were all formed by knoWn processes. 

The blanket tungsten 206 Was subjected to chemical 
mechanical polishing under the folloWing condition using 
the polishing apparatus shoWn in FIG. 3. 

rotational speed of polishing plate: 50 rpm 
rotational speed of carrier: 17 rpm 

polishing pressure: 10 psi 
temperature of polishing pad: 30—40° C. 
?oW rate of slurry: 225 ml/min 
The polishing condition is that generally used for ?lms. 

Here, for the purpose of polishing in an acidic atmosphere, 
a suspension in Which a slurry containing abrasive particles 
mainly made of sialon Was suspended in a solution of dilute 
hydro?uoric acid/Water/alcohol, Was used as a polishing 
agent. The abrasive particles of sialon Was formed in the 
same manner as that in Example 1. 
As a result, the blanket tungsten 206 Was planariZed, as 

shoWn in FIG. 2B. Next, the residual slurry and contami 
nation on the surface of the substrate Were removed by the 
spin cleaner using chemicals of NH4OH—H2O2H2O and 
dilute hydro?uoric acid in this order, and ?nally, the surface 
of the substrate Was rinsed With pure Water. The residual 
slurry and contamination Were thus removed in a satisfac 
tory level. 

In this example, the chemical-mechanical polishing rate 
become 2.5 times that obtained in the case of using the 
related art silica base slurry. The planariZed shape of the plug 
207 Was also excellent. 

EXAMPLE 3 

In this example, an interlayer dielectric ?lm formed on an 
Al interconnection layer is subjected to chemical 
mechanical polishing using abrasive particles mainly made 
of boehmite (AlOOH). The shape of a substrate is the same 
as that used in Example 1 (FIG. 1). 

Speci?cally, as shoWn in FIG. 1A, a ?rst interlayer 
dielectric ?lm 102 made of silicon oxide and an Al inter 
connection layer 103 Were formed on a semiconductor 
substrate 101 made of silicon, and a second interlayer 
dielectric ?lm 104 Was formed thereon. In addition, these 
Were all formed by knoWn processes. 
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The second interlayer ?lm 104 Was then subjected to 
chemical-mechanical polishing under the following condi 
tion using the polishing apparatus shoWn in FIG. 3. 

rotational speed of polishing plate: 50 rpm 
rotational speed of carrier: 17 rpm 

polishing pressure: 8 psi 
temperature of polishing pad: 30—40° C. 
?oW rate of slurry: 225 ml/min 
The above polishing condition is that generally used for 

dielectric ?lms. Here, for the purpose of polishing in a basic 
atmosphere, a suspension in Which a slurry containing 
abrasive particles mainly made of boehmite Was suspended 
in a solution of KOH/Water/alcohol, Was used as a polishing 
agent. The abrasive particles of boehmite Were formed by 
dipping of particles of Al in a hot Water at 80° C. In addition, 
it is effective to add sodium aluminate to the hot Water, as 
needed. 
As a result, the second interlayer dielectric ?lm 104 Was 

planariZed, as shoWn in FIG. 1B. Next, the residual slurry 
and contamination on the surface of the substrate Were 
removed by the spin cleaner using chemicals of NH4OH— 
H2O2—H2O and dilute hydro?uoric acid in this order, and 
?nally, the surface of the substrate Was rinsed With pure 
Water. 

The residual slurry and contamination Were thus removed 
at a satisfactory level. In particular, although contamination 
due to aluminum as a component of boehmite Was a matter 

of concern, it Was suf?ciently removed by the above clean 
ing. 

In this example, the chemical-mechanical polishing rate 
became 1.5 times that obtained in the case of using the 
related art silica base slurry. The shape of the planariZed ?lm 
Was also excellent. 

As described above, according to the present invention, at 
least one or more of the thin ?lms formed on a substrate Were 

subjected to chemical-mechanical polishing using a slurry 
containing abrasive particles mainly made of sialon or 
boehmite. 

The present invention thus makes it possible to realiZe a 
polishing rate higher than that obtained in the related art 
using the silica base slurry, and hence to fabricate VLSIs or 
the like at high reliability and high productivity. 

The present invention also makes it possible to suf? 
ciently compensate for a reduction in focal depth With the 
shortened Wavelength of light in lithography because of 
improvement in planarity of interlayer dielectric ?lms, and 
hence to keep the resolution already reaching a critical 
value. 

In addition, it is to be understood that the present inven 
tion is not limited to the above-described speci?c examples, 
and the con?guration, condition and the like may be suitably 
changed Without departing the scope of the present inven 
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tion. For example, the planariZation for the tungsten plug 
can be performed using the boehmite base slurry. 
What is claimed is: 
1. A chemical-mechanical polishing process for planariZ 

ing one or more ?lms formed on a substrate, Wherein the 
chemical-mechanical polishing is performed using a slurry 
containing abrasive particles containing sialon. 

2. A chemical-mechanical polishing process according to 
claim 1, Wherein the chemical-mechanical polishing using 
said slurry containing the abrasive particles mainly made of 
sialon is performed in a basic atmosphere. 

3. A chemical-mechanical polishing process according to 
claim 2, Wherein said basic atmosphere is formed using a 
suspension in Which said slurry containing the abrasive 
particles containing sialon is suspended in a solution com 
prising KOH, Water, and an alcohol. 

4. A chemical-mechanical polishing process according to 
claim 1, Wherein the abrasive particles mainly made of 
sialon are formed from a gas system containing SiH4, N2, 
02, and Al(CH3)3 by plasma CVD. 

5. A chemical-mechanical polishing process for planariZ 
ing one or more ?lms formed on a substrate, Wherein said 
thin ?lms are subjected to chemical-mechanical polishing 
using a slurry containing abrasive particles containing 
sialon, and the residual slurry and contamination are 
removed by spin cleaning. 

6. A chemical-mechanical polishing process according to 
claim 5, Wherein said spin cleaning is performed using 
chemicals comprising a solution containing NH4, H202, and 
H20, folloWed by a hydro?uoric acid solution. 

7. A chemical-mechanical polishing process according to 
claim 6, Wherein after spin cleaning using said chemicals, 
said substrate is rinsed With Water. 

8. A chemical-mechanical polishing process according to 
claim 5, Wherein the chemical-mechanical polishing using 
said slurry containing the abrasive particles mainly made of 
sialon is performed in a basic atmosphere. 

9. A chemical-mechanical polishing process according to 
claim 8, Wherein said basic atmosphere is formed using a 
suspension in Which said slurry containing the abrasive 
particles containing sialon is suspended in a solution com 
prising KOH, Water, and an alcohol. 

10. Achemical-mechanical polishing process according to 
claim 5, Wherein the abrasive particles mainly made of 
sialon are formed from a gas system containing SiH4, N2, 
02, and Al(CH3)3 by plasma CVD. 

11. Achemical-mechanical polishing process according to 
claim 5, Wherein said slurry containing the abrasive particles 
mainly made of sialon is used for chemical-mechanical 
polishing of a tungsten ?lm. 


